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Objectives: Evaluation of antibacterial activity of glass ionomer restorative material 
(GIC) after impregnation of copaiba oil, nanosilver (NanoAg) and nanogold (NanoAu) 
and their consequent effect on the compressive strength. Methodology: The different 
antibacterial solutions were added to Fugi IX GI liquid at various concentrations; 50 μL, 
100 μL, 150 μL, 200 μL and 250 μL. Antibacterial activity against streptococcus mutans 
was evaluated by agar diffusion test (ADT) and direct contact test (DCT). Compressive 
strength was assessed according to ISO specifications. Bactericidal effect of the 
different investigated antibacterial agents on S. mutans biofilms was evaluated using 
Conofocal laser scanning microscope (CLSM). Data were statistically analyzed. Results: 
ADT showed that copaiba oil-modified GIC recorded highest mean inhibition zone 
diameter at nearly all concentrations (P˂0.001). DCT showed that above 50 μL, copaiba 
oil-GIC reported the lowest mean optical density at 6h, 24h and 48h (P˂0.0001). 
Highest compressive strength was recorded in control group (180.9± 4.4 MPa, P<0.001).  
However, addition of copaiba oil to GIC and increasing its concentration from 50 μL to 
250 μL resulted in continuous significant decrease in compressive strength, with the 
lowest values above 100 μL (P<0.001). CLSM analysis showed that copaiba oil 
recorded the highest median percentage of dead bacteria (P<0.001). Conclusions: Being 
a natural product, copaiba oil could be a promising candidate for variable applications or 
formulations in dentistry. Despite of the improvement in the antibacterial activity 
against S. mutans, compressive strength of Copaiba oil-modified GIC was negatively 
affected, which could limit its use to non-stress bearing areas.  
Peer review under responsibility of faculty of oral and dental medicine, Future University.      
*corresponding author: E-mail address: shaymaa.habib@dentistry.cu.edu.eg (S. I. Habib) 
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1. Introduction 
 
The initial adhesion of biofilm to tooth 
surfaces or any restoration is an essential prerequisite 
for the development of cariopathogenic process [1,2]. 
Streptococcus mutans (S.mutans) is primarily 
responsible for the initiation of tooth decay and the 
progression of an established lesion [2].  
   A major preventive strategy and treatment 
resource is the reduction of bacteria associated with 
caries in the dental plaque [3]. Currently several 
clinical approaches to treat caries lesions focus on the 
maximum preservation of dental structures and use of 
fluoride releasing restorative materials. This technique 
named Atraumatic Restorative Treatment (ART). 
Glass ionomer cement (GIC) is the material of choice 
for ART, playing an important role on management of 
high risk patients [4]. Besides, the capacity of GIC to 
release and uptake fluoride, it has the ability to bond 
to dental structures, and to inhibit demineralization 
and may even remineralize the adjacent tooth structure 
[5]. However, it has some demerits like an early 
susceptibility to moisture contamination, low strength 
[6,7] and limited antibacterial properties.  
   Basically, conventional GIC is a composite 
material formed by acid-base reaction between 
aqueous solutions of polyacrylic acid (PAA) and ion-
leachable glass powder [7]. Since the invention of 
GIC, numerous developmental trials are attempted by 
adding filler components such as silver amalgam 
particles, spherical silica, zirconia, glass fiber, 
hydroxyapatite, bioactive glass particles. The 
incorporation of these filler particles to GIC has 
significantly modified the physico-mechanical 
properties of cements [8]. 
  The use of nanoparticles (NPs) in dentistry 
have been applied in several areas of dentistry, as 
endodontics, dental prostheses, implantology and 
restorative dentistry [9,10]. The main use has been 
focused in increasing the mechanical properties [11]. 
Moreover, the potential antimicrobial effect of these 
metallic nanoparticles are extensively investigated. 
Among them, silver nanoparticles (AgNPs) evidently 
proved an antimicrobial efficacy against bacteria, 
viruses, and other eukaryotic microorganisms. On the 
other hand, gold nanoparticles (AuNPs) are 
chemically stable, inert and biocompatible that 
permitted its application in dental materials safely 
[12].  
Nowadays, intensive efforts are exerted to 
develop natural antimicrobial agents that are effective 
against different types of bacteria. Plants provide great 
chemical diversity and bioactivity which has led to the 
development of hundreds of pharmaceutical drugs 
[13].  An extracted oil from Copaiba tree is called 
Copaiba oil has been used by more than 500 years in 
folk medicine with many potential properties like anti-
inflammatory, antimicrobial and anti-septic action.  
The copaiba oil has many different substances that 
could act synergistically on various bacterial cell 
structures resulting in the prevention and/or hindering 
the emergence of resistant bacteria [14,15]. 
   Despite the established antimicrobial activity 
of copaiba oil, its use in dentistry is still very limited 
and its effect on the dental restorative materials is not 
yet studied. Moreover, many studies showed different 
controversial results regarding the effect of nanosilver 
(NanoAg) and nanogold (NanoAu) addition on the 
antibacterial and me chanical properties of glass 
ionomer restorative materials. Thus, the aim of this 
study is to assess the antibacterial activity of glass 
ionomer restorative material after impregnation of 
copaiba oil, NanoAg and NanoAu and their 
consequent effect on the compressive strength. 
The null hypothesis of this study was that the 
antibacterial activity of the copaiba oil, NanoAg and 
NanoAu would not be different. 
 
2. Materials and methods  
 
2.1. Materials 
     Three different commercial antibacterial agents 
were used in this study to be mixed with a 
commercially available glass ionomer restorative 
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 Materials used in this study 





Fugi IX GC Gold Label 








Co-polymer  polyacrylic 
acid/ polycarboxylic acid 
0.02% water 
0.21-0.26% lactic acid 
 
GC Corporation, Tokyo, 
Japan) 
Copaiba  balasam oil Copaiba oil Sesquiterpenes: α-copaene, 
β-caryophyllene, β-elemene, 
bisabolene, α- and β-selinene, 
α-humulene, and delta 
cadidene 
Diterpenes and Copalic acid  
 
 Sigma-Aldrich, Lot no   
MKBJ1860V, USA 
Nanosilver solution Silver nanoparticles NT-SNP Produced by chemical 
reduction method: 
Silver nitrate solution 
(AgNO3) 
Stabilizing agent: PVP 
Reducing agent: Borohydrate 
Particle size: 20±5nm 
 
NanoTech Egypt for photo-
electronics (Giza, Egypt) 
Citrate capped –nanogold 
solution 
Gold nanoparticles NT-AuNP Produced by chemical 
reduction method: 
HAuCL4 solution (AgNO3) 
Stabilizing agent: PVP, 
sodium citrate 
Reducing agent: sodium 
citrate 
Particle size: 20±5nm 
NanoTech Egypt for photo-




2.2.1. Assessment of minimum inhibitory 
concentration (MIC) by tube dilution method 
     Using tube dilution method, 10 tubes/material were 
filled with 200 μL of brain heart infusion broth (BHI, 
Sigma-Aldrich, St. Louis, MO, USA). 200 μL of the 
investigated anti-bacterial agent was added to the first 
tube to get 100% concentration of the agent. This tube 
was left undisturbed for one minute prior to 
transferring 200 μL to the second tube to get 50% 
concentration. Further serial dilution was obtained by 
repeating this procedure sequentially with the next 
tubes up to dilution 0.097%. A bacterial suspension 
was prepared by mixing 0.5 μL Streptococcus mutans 
obtained from stock cultures (ATCC 35668) with 9.5 
μL BHI. One droplet of the S.mutans suspension was 
impregnated to every serially diluted tube. The tubes 
were well-sealed and incubated at 37°C for 24 h. 
Later, the tubes were visually checked for turbidity 
which is an indicator for the bacterial growth. The 
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lowest dilution that produced 80% reduction in visible 
bacterial growth compared with the control; the 
solution remained clear, was taken as minimum 
inhibitory concentration (MIC) [15] and was selected 
as a starting base line for this research. Other turbid 
lesser concentrations were discarded. The test was 
repeated three times. For each investigated 
antibacterial agent, a positive control where S.mutans 
added to BHI without the agent(GI) and a negative 
control where the agent added to BHI without the 
bacteria were also considered. 
 
2.2.2. Impregnation of antibacterial agent to glass 
ionomer: 
     In the present study, the different investigated 
antibacterial solutions were added to the glass 
ionomer liquid ratio recommended by the 
manufacturer (1g) at various concentrations; (50 μL, 
100 μL, 150 μL, 200 μL and 250 μL) based on MIC 
assessment. The liquid was thoroughly mixed for 10 s 
to ensure homogeneity of the mix. Then, all the 
modified liquids were mixed with GI powder 
according to the manufacturer’s instructions (P= 3.6g) 
to form a paste [16]. The unmodified liquid was mixed 
with GI powder according to the manufacturer’s 
instructions (P/L= 3.6g/1g) forming the control 
samples. 
 The tested materials were categorized as follows:  
Group I: Control GIC (without antibacterial agent)  
Group II: GIC+ copaiba oil. 
Group III: GIC+ NanoAg 
Group IV: GIC+ NanoAu 
Then, Group II, III and IV were further subdivided 




    The sequence of antibacterial agents allocated to 
groups was determined using a computer generated 
random sequence table (random.org) which was 
generated by the second author. In order to implement 
the allocation sequence, numbered sealed envelopes 
were used and the sequence was concealed till the day 
of the intervention and chosen by an independent co-
worker. The operator was blinded and unaware of the 
type of the tested materials. 
2.2.4. Characterization of antibacterial 
properties 
Both the agar-diffusion test (ADT) and direct contact 
test (DCT) were performed to assess the antibacterial 
properties of the modified GI material against 
S.mutans.  
2.2.4.1.  Agar Diffusion Test (ADT) 
 
Sample size calculation of the agar diffusion test 
was done according to a study conducted by Kalchinov 
et al 2009 [17] using G*Power version 3.1.9.2. Based 
on that study, the sample size was calculated at α=0.05 
and 80% power and effect size equal to 1.335 which 
yields a sample size of fifteen samples per antibacterial 
agent group (3 samples/concentration). Six samples per 
concentration were performed to gain extra power.  
The Agar diffusion test was used to evaluate the 
antibacterial effect against S.mutans. All procedures 
were carried out under aseptic conditions in a laminar 
air flow cabinet (BioAir, Italy). Bacterial strain was 
cultivated overnight on Mitis Salivarius agar (Buchem 
BV, 7327 AW, Holland) after incubation for 24-48 h 
at 37°C±1°C. Separate colonies were picked, cultured 
on BHI and incubated. Then, Petri dishes containing 
10 mL Mitis Salivarius agar to a thickness of 2 mm 
were seeded by 0.5 mL of microbial suspension using 
automatic micropipette, and by the aids of sterile 
swabs, the microbial suspension was spread on the 
medium. Wells with a diameter of 4 mm were 
punched into the agar in each Petri dish with the 
blunted end of a sterile Wither Man tube. For each 
investigated group, P/L were freshly mixed for 60 
seconds with sterile metal spatula according to the 
manufacturer instructions and inserted in the wells 
with sterile dental instruments. To monitor the 
immediate antibacterial effect, the plates were 
incubated at 37°C ± 1°C for 48 h.  Zones of bacterial 
growth inhibition were measured in millimeters with a 
digital caliper of 0.001 mm resolution. The size of the 
inhibition zone was equal to diameter of the halo 
minus the diameter of the material disc. 
 
2.2.4.2.  Direct Contact Test (DCT): 
                                  
     Sample size calculation of the direct contact test 
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was done according to a pilot study at α=0.05 and 
80% power and effect size equal to 2.1170 which 
yields a sample size of fifteen samples per 
antibacterial agent group (3 samples/ concentration). 
Six samples per concentration were performed to gain 
extra power.  
    The DCT, a turbidometric determination of 
bacterial growth kinetics [18], was monitored at 620 
nm at 37 °C by continuous measurement of the 
average optical density (OD) in each well every 1 h up 
to 6 h then at 24 and 48 h using a temperature-
controlled microplate spectrophotometer (ELISA 
Reader, Thermolabsystems, Multiskan Technology, 
Inc.,Finland).  96 wells of a microtitre plate were used 
for the three investigated antibacterial materials, 
together with the control material (24 wells/material), 
where the  wells were divided vertically into five 
experimental groups according to the concentration; 
50 μL,100 μL,150 μL,200 μL and 250 μL (two wells/ 
conc.). One column (eight uncoated wells) in the same 
microtiter plate served as +ve control, containing 230 
μL of bacterial suspension and the last column (eight 
uncoated wells) served as -ve control that contained 
only 230 μL of the BHI media. 
    For each investigated agent as well as the control 
group, the upper row of the 96 wells plate was 
designated as “A” wells, (with GI) and the next row as 
“B” wells (without GI).  The A-wells were held 
vertically, that is, the plate’s surface was maintained 
perpendicular to the floor plane and the side wall was 
coated with freshly mixed tested material. Even and 
thin coating was achieved by using a small flat-ended 
dental spatula. Special care was taken to avoid the 
material’s flow to the bottom of the well, which would 
interfere with the path of light through the microplate 
well and result in false readings. After 20 min, a 10µL 
bacterial suspension containing 106 cells/mL was 
placed on the tested material. The plate was held in a 
vertical position, and wells were inspected for 
evaporation of the suspension’s liquid, which occurred 
within 1hr at 37◦C. This ensured direct contact 
between bacteria and tested material. A 245µL BHI 
was added to each of these A-wells and gently mixed 
for 2 min. 15µL of broth was then transferred from A 
wells to an adjacent set of B-wells containing fresh 
medium (215µL). This resulted in 20 wells (10 A-
wells and 10 B-wells) for each tested material; two 
wells/concentration in each row. Each well contained 
an equal volume of liquid medium so that bacterial out 
growth could be monitored both in the presence and in 
the absence of the tested material. Following the 
outgrowth of the microorganism in the presence of the 
tested material (Group A-wells) is equivalent to 
measuring both the direct contact effect and the effect 
of those components which are capable of diffusing 
into the liquid medium, whereas following bacterial 
growth in the absence of the tested materials (Group 
B-wells) measures the effect of the direct contact 
incubation period only. The whole experiment was 
carried out under aseptic conditions and was repeated 
three times to ensure reproducibility. 
    Based on the results of antibacterial tests, four 
concentrations (50 µL,100 μL,150 μL and 200 μL) 
were selected to conduct the compressive strength test 
while the 250 µL was excluded. 
2.2.5. Assessment of compressive strength: 
  For the compressive strength test, sample size 
calculation was done according to a study conducted 
by Dimkov et al. 2012 [19]. Based on that study, the 
sample size was calculated at α=0.05 and 80% power 
and effect size equal to 1.92, which yields a sample 
size of 12 samples/ antibacterial agent group, 3 
samples/ concentration). Five samples per 
concentration were performed to gain extra power 
making the total sample size equal to 20 samples/ 
antibacterial agent).  
   Compressive strength test was carried out according to 
the ISO 9917-1:2007, for water based cements [20]. 
Cylindrical test samples were prepared using a split Teflon 
mold (4 mm  diameter x 6 mm height) with the modified 
restorative   materials.  Additional 5 samples were prepared 
using the conventional GIC and served as control group. 
The mixed cement was slightly over filled the mold 
between two glass plates lined with Mylar strips to prevent 
the adhesion of GIC to glass  slab. The glass plates were 
held firmly during setting to avoid the  presence of air 
bubble and to obtain a smooth surface. After 24 h of 
incubation at 37°C, each specimen was mounted between 
fixture plates under compression using a computer 
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controlled Universal Testing Machine (LRX-plus; Lloyd 
Instruments Ltd., Fareham, UK) with a load cell of 5kN and 
a cross-head speed of 0.5mm/min. The failure load was 
recorded using computer software (Nexygen-MT; Lloyd 
Instruments). Compressive strength in MPa = failure load/ 
surface area of the specimen.   
2.2.6. Conofocal Laser Scanning Microscope 
(CLSM) Analysis:  
For the conofocal laser scanning microscope 
analysis, sample size calculation was done according 
to a study conducted by Ibrahim et al 2015 [21]. 
Based on that study, the sample size was calculated at 
α=0.05 and 80% power and effect size equal to 1.6236 
which yields a sample size of 3 samples per group. 
Four samples per group were performed to gain extra 
power.  
2.2.6.1. Samples preparation and Biofilm formation  
  The antibacterial properties of the copaiba oil in 
comparison to NanoAg and NanoAu solutions against 
S.mutans in terms of biofilm formation and cell 
viability were investigated. 
   Twenty extracted human premolars were collected 
from orthodontic department, Faculty of Dental 
Medicine for Girls, Al-Azhar University. The extracted 
teeth were obtained from the participants (12-14years) 
whose orthodontic treatment plan required extraction. 
The teeth were collected with an informed consent 
signed by the parents of the participants and approved 
by the research ethics committee (Faculty of Dental 
Medicine for Girls, Al-Azhar University, Code 
REC16-081). 
   Teeth were stored in 0.1% thymol solution and were 
used to obtain squared dentin discs of 4mm length 
using a low-speed diamond saw (Isomet, Buehler, Lake 
Bluff, IL, USA) and ground with 240 grit silicon 
carbide paper to get uniform thickness of 1.5 mm. All 
samples were sterilized by steam autoclave (Phoenix, 
Araraquara, SP, Brazil) at 121°C for 30 min.  
     For biofilm formation, S.mutans bacteria from the 
stock culture were used. A single colony was cultured 
in 3ml of BHI broth and was left to grow overnight at 
37 ºC in 5% CO2 incubator. The dentin discs were 
placed in 24-well plate such that one sample was 
placed in a well, 1mL of the inoculation medium was 
dispensed in the well, and finally incubated at 37ºC. 
Every 24 h, the discs were transferred to new wells 
containing fresh growth medium for 3 days to form the 
biofilms.  
     Based on the results of both; the ADT and the DCT, 
100 µL of copaiba oil and 150 µL of the NanoAg and 
NanoAu solutions were selected and applied directly 
onto the formed biofilms.  
2.2.6.2. Confocal microscopy: Live/ dead assay  
For live/dead bacterial cell assay, the three-days old 
S.mutans biofilms on dentin samples were stained using 
Acridine orange (Sigma- Aldrich, USA)/ Propidium 
Iodide (PI) (Serva, Japan). Live bacterial cells were 
stained with acridine orange dye represented with green 
fluorescence, and dead bacterial cells, with 
compromised cell membranes, were stained with 
propidium iodide (PI) dye represented with a red 
fluorescence. The dyes were used according to 
Mohamed et al., (2017) [22]. Only 10μL was added to 
each sample in 1 mL deionized (Milli-Q) water from 
each stain (100 μg/mL) for 15 min at room temperature 
in a dark room and then rinsed three times with sterile 
deionized (Milli-Q) water. The excitation/ emission 
wavelength for acridine orange/ propidium stain is 514 
nm and 458 nm respectively. The dentin discs were 
immediately analyzed using a EC Plan-Neofluor 40× 
/1.3 oil DIC lens fitted to a confocal laser scanning 
microscope (LSM 710, Carl Zeiss, Jena, Germany). 
Four sterile dentin discs and another four discs with the 
formed biofilm were stained with the same protocol and 
used as -ve control and +ve control respectively. 
All imaging studies were performed using LSM 710 
(Carl Zeiss, Germany) with an image size of 1024 × 
1024 pixels, a 16-bit depth, and objectives EC Plan-
Neofluor 40×/1.3 oil DIC. The acquisition was 
performed using Zen 2009 software, and processing was 
conducted using Zen 2012 (blue and black edition) [23]. 
2.2.7. Statistical analysis 
Numerical data were explored for normality by 
checking the distribution of data and using tests of 
normality (Kolmogorov-Smirnov and Shapiro-Wilk 
tests). Compressive strength, inhibition zone diameter 
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and optical density data showed parametric (normal) 
distribution while bacterial intensity data showed non- 
parametric (non-normal) distribution. Parametric data 
were presented as mean, standard deviation (SD) and 
95% Confidence Interval for the mean (95% CI) values. 
Non-parametric data were presented as median and 
range values. For parametric data; one-way Analysis of 
Variance (ANOVA) test was used to compare between 
compressive strength of all groups. Two-way ANOVA 
test was used to study the effect of material, 
concentration and their interactions on mean inhibition 
zone diameter. Bonferroni’s post-hoc test was used for 
pair-wise comparisons when ANOVA test was 
significant. One-way between-groups analysis of 
variance (ANOVA) was conducted to further explore 
the effect of different modifications of glass ionomer, 
concentrations and time on bacterial optical density. 
Post-hoc comparisons using the Tukey’s test was used 
to investigate differences between groups and 
significance level was set at (p ≤ 0.05) 
For non-parametric data; Kruskal-Wallis test was used 
to compare between bacterial intensity of different 
materials. Dunn’s test was used for pair-wise 
comparisons when Kruskal-Wallis test was significant. 
The significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM ( IBM Corporation, 
NY, USA) SPSS (SPSS, Inc., an IBM Company) 
Statistics Version 20 for Windows.  
3. Results 
    
3.1. Antibacterial properties  
 
3.1.1. Agar diffusion test 
Statistical analysis showed that the control 
material recorded the significantly lowest mean 
inhibition zone diameter in comparison to all other 
tested materials. Meanwhile, copaiba oil-modified 
GIC recorded the significantly highest mean inhibition 
zone diameter at nearly all concentrations (the 
maximum was at 150 µL, P˂0.001) in comparison to 
the NanoAg-GIC and NanoAu-GIC materials. 
Moreover, NanoAg-GIC showed statistically higher 
mean inhibition zone diameter than NanoAu-GIC at 
50 μL, 100 μL and 150 μL (P˂0.001). (Table 2, 
Fig.1.)  
 
Fig.1. Representative ADT results for the inhibition zone of 
the different investigated materials against S.mutans: (a) 
Control GIC, (b): Copaiba oil-GIC, (c) NanoAg-GIC and 
(d) NanoAu-GIC.  
Table 2 
Mean inhibition zone diameters (mm) of the different investigated materials 
Concentration 
Copaiba oil-GIC  NanoAg-GIC NanoAu-GIC 
P-value 
Mean  SD Mean  SD Mean  SD 
Control (0 μL) 0.8 Ae      0.2 0.8 Ad 0.2 0.8 Ad 0.2 1.000 
50 μL 15.4 Ac      2.2 15.2 Aa 3.3 5 Bc 1.2 <0.001* 
100 μL 18.8 Ab 3.1 15.4 Ba 2.9 7 Cb 1 <0.001* 
150 μL 25 Aa 3.5 15 Ba  2.3 7.8 Cb 1.5 <0.001* 
200 μL 13.2 Ad 2 10 Bb 2.3 10 Ba 2.2  0.050* 
250 μL 12 Ad 1.7 5.2 Bc 1.5 10.4 Aa 2.3 <0.001* 
P-value <0.001* <0.001* 0.003* 
*: Significant at P ≤ 0.05, Different superscripts capital letters in the same row are statistically significantly different and Different 
superscripts small letters in the same column are statistically significantly different. 
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 3.1.2. Direct contact test:  
The results of the DCT of the investigated 
materials for the time period up to 48 h are shown in 
Table 3 and Figures 2-4. Each point on the growth 
curve is the average optical density (OD) 
measurements for each concentration at any given 
time. Results of mean OD showed that at all 
concentrations above 50 μL, copaiba oil-GIC reported 
the significantly lowest mean OD at 6h, 24h and 48h 
(P˂0.0001). However, NanoAg-GIC and nanoAu-GIC 
showed significantly higher mean OD with no 
significant difference between them except for 250 μL 
at 24 h and 48 h. The control group (GIC without 
antibacterial agent) showed the significantly highest 
mean OD among all tested materials. 
 
 
Table 3  
Mean optical density (bacterial kinetics) of the investigated materials 
Time Modification 
Type 
Mean Optical Density  P-
value 
 
Control (0 μL) 50 μL 100 μL 150 μL 200 μL 250 μL 








































P-value 1.000 0.667 0.0001 0.0001 0.0001 0.0001 
 
 










































P-value 1.000 0.0001 0.0001 0.0001 0.0001 0.0001 
 
 









































P-value 1.000 0.0001 0.0001 0.0001 0.0001 0.0001  
*: Significant at P ≤ 0.0001, Different superscripts capital letters in the same row are statistically significantly different and 
different superscripts small letters in the same column are statistically significantly different 
 
In both wells (A-wells and B-wells), copaiba oil-GIC 
showed constant and complete inhibition of the 
bacterial growth throughout the incubation period at 
concentration above 50 μL.  For the NanoAg-GIC and 
NanoAu-GIC, only the high concentrations (150 μL, 
200 μL and 250 μL) were able to inhibit the bacterial 
growth to a level lesser than copaiba oil. However, 
lower concentrations (50 μL and 100 μL) inhibited 
bacteria only in the first 4h followed by a gradual 
increase in the bacterial growth in A-wells where as in 
B-wells there was a sharp increase in the bacterial 
growth starting from 6h. Meanwhile the control group 
inhibited bacterial growth in the first 3h and then 
showed continuous growth of microorganism with 
increase in the mean OD.  
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Fig.2. Mean optical density of copaiba oil-GIC in A-wells and B-wells 
 
 
Fig.3. Mean optical density of NanoAg-GIC in A-wells and B-wells 
 
 
Fig.4. Mean optical density of NanoAu-GIC in A-wells and B-wells 
3.2. Compressive Strength: 
Results showed that the control group reported the 
significantly highest mean compressive strength 
among all the tested groups. However, increasing the 
concentration of copaiba oil from 50 μL to 250 μL 
resulted in a continuous significantly decrease in the 
compressive strength of GIC, with the lowest values 
above 100 μL (P<0.001). (Table 4) 
Bayoumi and Habib: Antibacterial Properties and Compressive Strength of Copaiba Oil –modified Glass Ionomer Cement
Published by Arab Journals Platform, 2019
ARTICLE IN PRESS 
R.E Bayoumi, S.I.Habib                                                                                                                                   Future Dental Journal  
Table 4 
 Mean and standard deviation values for the compressive strength (MPa) of the different investigated materials 
Concentration 
Copaiba oil-GIC NanoAg-GIC NanoAu-GIC 
P-value 
(Between 
materials) Mean  SD Mean  SD Mean  SD 




4.4 180.9 Aa  4.4 180.9 Aa  4.4 1.000 
50 μL 135.2 Bb 15.3 179 Aa 4.9 150.3 Bb 10 <0.001* 
100 μL 91.6 Bc 9.9 158.5 Ab 11.4 152.2 Ab 12.9 <0.001* 
150 μL 69.5 Bd 5.8 128.5 Ac 12.3 116.1 Ac 10.4 <0.001* 













*: Significant at P ≤ 0.05, Different superscripts capital letters in the same row are statistically significantly different and 
different superscripts small letters in the same column are statistically significantly different. 
3.3. Live/ dead assay (CLSM) 
  
Comparing the percentages of dead and alive 
bacteria in the different groups, results revealed that 
copaiba oil group had the significantly highest median 
percentage of dead bacteria (P˂0.001). Meanwhile, 
NanoAg and NanoAu showed significantly lower 
median percentage of dead bacteria with no significant 
difference between them. (Table 5, Fig.5) 
Table 5 
Descriptive statistics and results of Kruskal-Wallis 
test for comparison between percentage of dead 







51.7 A 41.3 57.8 <0.001* 
NanoAg 40.5 B 11.3 51.2 
 
NanoAu 44.8 B 24.2 57.4 
DD 22.3 C 13.8 41.2 
DD + 
Biofilm 
29.5 C 17.8 54.1 
*: Significant at P ≤ 0.05, Different superscripts in the 
same column are statistically significantly different 
DD: dentin disc 
 
Fig.5. Median and range values for percentages of dead and 
alive bacteria in the different groups (Circles and stars 
represent outliers) 
Fluorescence confocal laser microscopy images, 
demonstrating the live/dead assay of 3-days old 
biofilms, before and after the application of the different 
antibacterial solutions are shown in Fig. 6-10. A typical 
3D images of CLSM of these biofilms are also shown in 
Fig.11.  
The live bacteria are stained green while the dead 
bacteria with compromised cell membrane are stained 
red. When the live and dead bacteria are overlapped or 
in close proximity, a mixture of yellow to orange color 
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could be produced. The dentin disc and dentin disc with 
biofilm samples demonstrated heavy, complete and 
dense coverage of live bacteria with few dead bacteria 
(Fig.6 and 7 respectively).  
 
 
Fig.6. Sterilized dentin disc (DD) surface visualized by confocal laser scanning microscopy (CLSM). (a)Viable 
bacteria are stained green and non-viable bacteria are stained yellowish/red color. The presence of many 
discrete colonies of dead bacteria were also observed (arrow). (b) Split image of live bacteria and (c) Split 
image of dead bacteria     
 
Fig.7. S.mutans biofilm on dentin disc surface visualized by confocal laser scanning microscopy (CLSM).  (a) Viable 
bacteria are stained green and non-viable bacteria are stained yellowish/red color. The majority of colonies 
were stained green. The presence of few dead bacteria were also observed (arrow). (b) Split image of live 
bacteria and (c) Split image of dead bacteria     
However, in case of NanoAg and NanoAu 
solutions dead bacteria become more observable in 
comparison to the control groups, although live 
bacteria still more predominant (Fig.9 and 10 
respectively). Sectioning of the microscopic images of 
NanoAg and NanoAu to different depth show that the 
dead bacteria were more concentrated in the upper 
layer of the biofilm, and the viability percentage 
increased with increasing the biofilm depth away from 
the dentin discs’ surface (Fig.9d and 10d). Meanwhile, 
after application of copaiba oil solution, samples 
showed higher bactericidal effect where increased 
contribution of dead bacteria fluorescence with few 
patchy areas of live bacteria was observed (Fig.8). In 
addition, image sectioning showed higher depth of 
penetration more than that obtained with the NanoAg 
and NanoAu solutions (Fig.8d). The 3D image of 
CLSM showed that the copaiba oil killed most of the 
biofilm with higher percentage of dead bacteria 
stained with yellow/red fluorescence stains (Fig.11).  
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Fig.8. S.mutans biofilm on dentin disc after copaiba oil application visualized by confocal laser scanning microscopy 
(CLSM). (a) Bactericidal effect was observed by the predomination of dead bacteria (yellowish/red colonies).  
Few viable bacteria were observed (green color), (b) Split image of live bacteria, (c) Split image of dead 
bacteria and (d) Image sectioning showing the effect of copaiba oil solution at different depth in dentin 
samples.    
 
 
Fig.9. S.mutans biofilm on dentin disc after NanoAg solution application visualized by confocal laser scanning 
microscopy (CLSM). (a)Non-viable bacteria (red/yellowish colonies) were visualized after NanoAg 
application. However, viable bacteria were also observed (green color), (b) Split image of live bacteria, (c) 
Split image of dead bacteria and (d) Image sectioning showing the effect of NanoAg solution at different 
depth in dentin samples.   
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Fig.10. S.mutans biofilm on dentin disc after NanoAu solution application visualized by confocal laser scanning 
microscopy (CLSM). (a) Non-viable bacteria (red/yellowish colonies) were visualized after NanoAu 
application. However, viable bacteria were also observed (green color), (b) Split image of live bacteria (c) 
Split image of dead bacteria (d) Image sectioning showing the effect of NanoAu solution at different depth in 
dentin discs.  
 
Fig.11. Typical 3D images of CLSM of biofilms cultured for 3days on dentin disc for the different investigated 
materials; (a) Sterile dentin disc (b) S.mutans biofilm formed on dentin disc (c) The biofilm after application 
of copaiba oil solution, (d) The biofilm after application of NanoAg solution and (e) The biofilm after 
application of NanoAu solution. 
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4. Discussion 
    Glass Ionomer cements (GIC’s) are clinically 
attractive and advantageous restorative  dental  
materials with unique properties. However, its 
antimicrobial activity is still not efficient against 
cariogenic bacteria. It could not prevent adherence, 
cell proliferation, and the formation of biofilm where 
S.mutans are present [24,25].  
 
    The selected GC Fuji Type  IX glass ionomer in 
this study is the most commonly  used restorative 
material for ART technique and posterior teeth of 
pediatric patients because of its high strength besides 
well-known characteristics [4,16]. One of the 
challenge issues in dentistry is the progression of 
caries process under the GIC's in ART procedures. It 
was found that the best route for controlling dental 
caries is to remove the dental biofilm regularly or to 
inhibit its formation [26]. Many researchers 
attempted to overcome this problem via inclusion of 
materials that inhibit bacterial growth. Accordingly, 
various modifications have been made to 
conventional GIC's to incorporate different additives 
such as chlorhexidine or its derivatives [14,16]. 
Generally, these additives altered the physical and 
mechanical properties to unacceptable limits. In this 
study, the target was to prepare GIC-antibacterial 
blends that adequately reduce and/or eliminate the 
bacterial growth without compromising the longevity 
of the restoration by impregnation of copaiba oil, 
NanoAg and NanoAu. It should be pointed out that 
the concentrations of antibacterial agents were 
crucial.  
 
    It is essential to elicit safe, effective, and economic 
alternative treatment modalities. Nanoparticles have 
emerged as an alternative of high reactivity in dentistry 
owing to their superior properties such as smaller size 
and shape and high surface area to volume ratio. 
Generally, nanoparticles are insoluble particles that are 
smaller than 100 nm in size. Nanoparticles exhibited 
strong antimicrobial activity. They could interact 
efficiently with Gram-positive, Gram-negative, and 
even multidrug-resistant microorganisms [27].    
Streptococcus mutans is a Gram-positive organism that 
is the primary contributing mediator in the formation of 
dental caries. It is one of a few specialized organisms 
equipped with receptors that improve adhesion to the 
surface of teeth. It also plays a major role in 
metabolizing sucrose to lactic acid using the enzyme 
glucansucrase.   
 
    Copaiba oil, a transparent liquid with variable 
viscosity, is a phototherapeutic agent widely used by 
the Amazonian populations, exuded from the trunks of 
trees of the Copaifera species.  Copaiba oil has various 
pharmacological effect such as wounds antiseptic, 
antimicrobial, anti-inflammatory, antiviral activities, 
anesthetic, healing and antitumor medicinal properties.   
However, it  is difficult to say precisely what the 
structure of this substance is, due to the lack of 
information [15]. The use of copaiba oleoresin might 
represent an important strategy in the development of 
novel natural oral care products to control periodontal 
diseases and dental caries. Till now, no studies were 
found concerning the incorporation of this potent 
antimicrobial agents into the different available dental 
restorative materials and exploration of its effect onto 
the biological and physicochemical properties of these 
materials. However, some studies were published 
concerning only its antimicrobial effect against oral 
pathogens and mainly in the endodontic field 
[14,15,28].  
     NanoAg particles have been extensively studied in 
dentistry and became the most popular antibacterial 
agent. It was proven that nanoAg is very toxic to 
bacteria but harmless to animal cells [29]. On the other 
hand, AuNPs are chemically inert, stable, 
biocompatible and therefore can be safely used as an 
additive to dental materials. Referring to its elemental 
properties, gold has low toxicity on the whole 
biological systems including the bacteria [30]. 
Consequently, surface modification of NanoAu 
particles by citrate capping was found to improve its 
antimicrobial properties. Citrate capping carries 
negative surface charges that prevents the aggregation 
and precipitation of AuNPs because of electrostatic 
repulsion between adjacent nanoparticles [31]. thus, the 
particles remain in their original size. At the same time, 
the penetration ability to the cell wall membrane, and 
the antimicrobial activity of NanoAu are enhanced 
whereas the citrate ions remains outside the cell [30].  
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4.1. Antibacterial Properties 
  
     The antibacterial properties of the different 
investigated materials were assessed by agar diffusion 
test (ADT) and direct contact test (DCT). Despite ADT 
is the most popular method, it has many limitations [32-
34]. This method depends not only on the toxicity of the 
investigated materials to the given bacteria but also the 
solubility and diffusion properties of both the tested 
material and media, which might not reflect the real 
antibacterial efficiency of the investigated materials. 
Therefore, materials with higher diffusion capability 
may produce a large inhibition zone and vice versa. 
Another drawback is that the results from ADT have 
been limited to antibacterial activity of the initially set 
material. Long-term evaluation of antibacterial activity 
of restorative materials cannot be obtained from ADT. 
Moreover, ADT is unable to differentiate between 
bacteriostatic or bactericidal effect of the investigated 
materials.  Thus, in this study, the results of ADT were 
compared to that of DCT in order to properly assess the 
antimicrobial efficacy of the investigated materials. 
 
    Results of the current study showed that copaiba oil-
GIC blend recorded the significantly highest mean 
inhibition zone diameter at all concentrations in 
comparison to the NanoAg-GIC and NanoAu-GIC 
materials; (Table 2). This finding was in accordance 
with Pieri et al. (2012) [14] who suggested that the 
copaiba oil has great potential for use against the 
growth of S.mutans even at low concentration. This 
antibacterial activity against the Gram-positive bacteria 
could be attributed to the presence of chemically 
efficient components in this oil; however, identification 
of the main causative component has not yet been 
nominated in the literature. Souza et al. (2011) [35] 
suggested that the copalic acid could be the main 
causative factor, while, Lima et al. (2006) [36] claimed 
that the presence of the terpenoid in the copaiba oil 
might be the reason.  Another possible explanation for 
this antibacterial activity was based on the ability of the 
hydrophobic oil to interact with the lipid of the cell 
membrane altering its permeability and structure [37].  
      In accordance to Hernandez-Sierra., et al.  (2008) 
[38] who revealed that NanoAg possessed a higher 
antibacterial effect than NanoAu against S.mutans, the 
present results showed that NanoAg-GI recorded a 
statistically higher mean inhibition zone diameter than 
NanoAu at different concentrations. The aqueous 
polyacrylic acid produces polyacrylate anions with 
carboxylate groups (COO−), which could bind metallic 
cations such as silver (Ag+) with high stability. Later, 
AgNPs oxidized into Ag2O in aerobic conditions and 
released in an augmented rate because of acidic 
environment offered by adhered bacteria, and/or slight 
initial acidity of GIC's [39,40]. The amount of released 
bioactive silver ions (Ag+) is available to interact with 
bacterial cell membrane and target multiple component 
of the bacterial cell.  
     Meanwhile, the results of this study showed that 
increasing the concentration of NanoAu resulted in 
significantly increase in its antibacterial efficiency. This 
finding was in consistent with that of Shamaila et al 
(2016) [41] who reported that the presence of thick 
peptidoglycan layer in the cell membrane of Gram-
positive bacteria would require higher doses of AuNPs 
to yield antimicrobial properties.  
     To overcome some of the disadvantages of ADT, 
Weiss et al. (1996) [20] described a direct-contact test 
(DCT) assay that evaluates the antimicrobial effect of 
restorative materials. The DCT is a quantitative method 
that can allow the detection the bacterial growth 
kinetics either in the presence or absence of the 
restorative materials, by calculating the average optical 
density over time (48h) [42].  As well, this test mimics 
the direct contact between the bacteria and restorative 
materials.  
      The results of the bacterial kinetics showed that the 
control group inhibited bacterial growth in the first 
three hours followed by continuous growth of 
microorganism. This initial antibacterial property might 
be attributed to the low pH and the release of fluoride 
ions from GIC [43]. However, the rapid neutrality of the 
restoration and the reduced amount of the released ions 
could not induce a direct bactericidal effect which was 
reflected by the far along growth of the bacteria.  
     It was noticed that the addition of copaiba oil, 
NanoAg and NanoAu caused a significant improvement 
in the antibacterial properties of GIC, not only in the 
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immediate action of decreasing the bacterial density, 
but also in the long term effectiveness of these 
antimicrobial agents. Based on the results of bacterial 
kinetics, the investigated materials were always able to 
maintain their antibacterial properties with variant 
degree according to the material itself and its 
concentration (A-wells) and even in their absence (B-
wells). Copaiba oil- modified GIC exhibited immediate 
and potent antibacterial effect throughout the incubation 
period at concentration above 50 μL. For the NanoAg 
and NanoAu -modified GIC, only the high 
concentrations starting from 150 μL were able to inhibit 
the bacterial growth till 48h but to a significantly lower 
level than copaiba oil, (Table 3). This confirmed the 
effectiveness of copaiba oil as antibacterial agent that 
could prevent bacterial recolonization and proliferation.   
     The sustained release of antimicrobial agent is 
highly desirable. This continual effect is characteristic 
for silver that slowly release its cations causing 
bacterial death [40]. Interestingly, Wakshlak et al 
(2015) [44] found that the killed bacteria due to AgNPs 
could have by themselves a significant biocidal activity 
towards viable bacterium. This phenomenon may be 
attributed to the dead bacteria which act as reservoir for 
free metallic species and keep the potent sustained 
release of the lethal silver cations for further 
bacteriocidal action on other living bacteria. 
4.2. Compressive strength: 
     Though the investigated materials have been proven 
effectiveness as antibacterial additives, it is important 
not to jeopardize the mechanical properties of the GIC. 
Therefore, one of the main objectives of this study was 
to evaluate and compare the compressive strength of 
GIC after addition of the antibacterial agents. The 
obtained results of the present study indicated that the 
type as well as the concentration of the antibacterial 
agents had significant effect on the compressive 
strength, (Table 4). Copaiba oil-GI modified cement 
exhibited the statistically lowest mean compressive 
strength when compared to the other additives. This 
could be attributed to the presence of the oil within GI 
matrix that might act as plasticizing agent and 
influencing the continuous setting reaction of the 
restorative material. In contrast, the addition of metallic 
cations would allow the formation of a complex with 
the carboxylate groups leading to strengthening of the 
matrix that might explain the higher compressive 
strength of NanoAg and NanoAu –modified cements.  
       Meanwhile, the significant decrease in the 
compressive strength of GI with increasing the 
concentration of NanoAg and NanoAu, was in contrast 
with the results obtained by Paiva et al. (2018) [45]. 
The higher concentration of nanoparticles might impede 
the maturation process and interrupt the continuity of 
the formed matrix of GI; consequently, decreasing the 
cohesive strength among the polymer chains. This 
paradox in the results could be attributed to the 
difference in the materials used. Paiva et al. developed a 
polyacid-NanoAg formulation by one-step 
photoreduction, with particle size of ˂ 6nm which 
produced higher surface area. In this study, the liquid of 
GI was modified by adding the different concentrations 
of antibacterial agents with particle size of 20-25nm to 
the acidic liquid but P/L ratio was kept as recommended 
by the manufacturer in order to maintain the 
carboxylate groups concentration available for the 
setting reaction. 
4.3. Conofocal Laser Scanning Microscope 
   
      The conducted microbiological tests whether ADT 
or DCT was specified to study certain biological 
features of the antibacterial agents. However, none of 
them could give information about the bactericidal 
efficacy of the studied materials i.e. quantity of the 
living and dead bacteria. Therefore, confocal 
microscope analysis was used.  Fluorescence dyes were 
applied on the biofilm to differentiate live and dead 
bacteria where bacteria were distinguished according to 
cytoplasmic membrane permeability. 
 
     Many previous studies [18,46-48] have proved the 
efficacy of CLSM for studying the dentin infection and 
oral biofilms. The potential advantages of  confocal 
microscopy include the ability to analyze the subsurface 
structure of biological samples by using thin optical 
sections and enables 3D visualization of structural 
organization in biofilms. Also, CLSM could detect live 
bacteria in dentinal tubules and root canal walls via the 
use of vital staining techniques. 
 
      In the sterile dentin discs, CLSM analysis showed 
the presence of few dead bacteria which could be 
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explained by the sterilization process. However, the 
effect of sterilization was limited to the outer surface of 
the discs and not extending into the dentinal tubules 
which showed the predominance of alive bacteria; 
(Fig.6). Meanwhile in Figure 7 dense and complete 
coverage of living bacteria was clearly noticeable by the 
green stains that ensured the proper formation of the 
bacterial biofilm on dentin surface. 
 
      After the application of the different antibacterial 
agents, the CLSM reported variable degree of 
bactericidal effect against S.mutans. Copaiba oil 
solution showed the statistically highest percentage of 
dead bacteria (Table 5, Fig.8 and 11) among all the 
tested groups. Again, this is evidence for the potent 
bactericidal effect of copaiba oil in comparison to the 
NanoAg and NanoAu solutions.  
 
      Image sectioning for all the investigated 
antibacterial agents demonstrated that the dead bacteria 
were more concentrated in the upper layer of the 
biofilm, and that the viability percentage increased with 
the increased biofilm thickness away from the dentin 
surface. This might be related to the contact-killing 
mechanism of the different antibacterial agents. The 
pronounced and profound effect of copaiba oil should 
be taken into consideration where higher depth of 
penetration was illustrated in Figure 8d. Therefore, the 
null hypothesis of this study was rejected as the copaiba 
oil exhibited significantly higher antibacterial activity 




     Based on the findings of this study, and within the 
limitation of the in vitro investigation, it can be 
concluded that: 
 
1. Being a natural product, with broad efficacy and 
low cost, copaiba oil could be a promising candidate 
for various applications or formulations in dentistry.  
 
2. Despite of the improvement in the antibacterial 
activity against S.mutans, the compressive strength 
of Copaiba oil-modified GIC was negatively 
affected, which could limit its use to non-stress 
bearing areas.  
 
3. Although NanoAg and NanoAu showed higher 
strength values than the copaiba oil, yet, the 
bactericidal effect of copaiba was much more 
pronounced even at lower concentrations. 
 
4. The compressive strength of glass ionomer was 
inversely proportional to the concentration of the 
antibacterial agents added.  
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